Abstract-
I. INTRODUCTION
Nitrates are naturally occurring ions that are part of the Nitrogen cycle. Generally, the natural background level of Nitrate is very low in water. However, the overabundance of Nitrate becomes crucial when the researchers and scientists found its impact to human health and ecological effects. The misuse of inorganic fertilizers in modern agriculture [1] and disposal of untreated municipal and industrial wastes [2] have increased the level of Nitrate, respectively. Ingestion of high level Nitrate can reduce the blood's ability to carry oxygen thus, causing Methemoglobinemia.
Several methods including chromatographic [3] , electrochemical analysis [4] , catalytic-spectrophotometric [5] , capillary electrophoresis [6] and spectrofluorometric [7] have been reported for the Nitrate determination in a variety of samples. The need of sample pre-treatment, derivatization reaction for producing a coloured product and pre-analysis separation reduces the interest in most of these sophisticated techniques. Here, an alternative method is presented by applying optical sensor to determine the Nitrate concentration at ppm level in water.
Fiber Bragg Grating (FBG) sensor has attracted considerable attention in new sensor systems. FBG offers numerous advantages due to its small and thin size, immune to electromagnetic interference, chemical and biological inertness in nature and it safe due to absence of electric current at the sensing point.
FBG sensor are being widely used for chemical sensing applications such as analysis on concentration of sucrose, ethanol and sodium chloride solution [8] , fuel adulteration [9] , determination of zinc [10] , cadmium [11] and fluoride ions [12] based on their concentration in water.
In this work, we apply the optical sensing technology using and etched FBG sensor to determine the concentration of Nitrate at 0-50 ppm level in water. Our interest is the application of FBG as a chemical sensor where the wavelength changes are induced by changing the chemical composition around the sensor.
II. THEORY AND WORKING PRINCIPLE OF FBG SENSOR
FBG sensor has the ability to reflect some of the incoming lights at certain wavelength. FBGs are constructed using holographic interference to expose a short length of photosensitive fiber to a periodic distribution of light intensity. The working principle of FBG is illustrated in Fig. 1 .
When a broad-spectrum beam is sent to an FBG, reflections from each segment of alternating refractive index interfere constructively only for a specific light wavelength. The index perturbation inside the core is a periodic structure that acts as a stop-band filter. A narrow band of the incident beam within the fiber is reflected by successive coherent scattering from the index variations.
The back scattering from each crest in the periodic index perturbation are in-phase with the next one and the scattering intensity will accumulate as the incident wave is coupled to a backward propagating wave thus producing a peak of certain defined wavelength [13] and is defined as in (1) .
where, Ȝb is the Bragg wavelength, neff is the effective refractive index and ǻ is the grating period.
From the equation, the Bragg wavelength only depends on the gratings period and the effective refractive index. Any external agent that is capable to change both parameters will alter the reflected spectrum centered at the Bragg wavelength.
As FBG offers a unique advantage by considering the effective refractive index as a parameter transducer, this parameter depends on how much the evanescent field of the core penetrates the cladding, allowing the FBG to interact with the surrounding medium.
Normal FBG sensor is insensitive to the surrounding influence due to larger cladding diameter than evanescent field. However, by partially removing the cladding on the gratings region, one can reach evanescent field to make the FBG sensitive to changes in the external surrounding. The cladding region can be partially or fully removed using a few techniques such as wet etching, tapering and polishing.
III. EXPERIMENT

A. Etched FBG Sensor Fabrication
A standard single mode FBG sensor was used to fabricate the sensor. The acrylate coating of the fiber was stripping up carefully along the 5mm sensor length. Then the fiber was cleaned using propanol solution to remove the debris followed by drying with dust free tissue. The cladding at the sensing region was removed partially using wet etching method. The etching process was performed by immersing the sensor in 48% HF solution for 28 minutes.
The setup for etching process is depicted in Fig. 2 . A broadband source was coupled into the FBG sensor via optical circulator and the reflected signal was monitored on optical spectrum analyzer (OSA). The sensing region was washed using deionized (DI) water and acetone after the completion of the etching process. Care had to be taken when handling the fabricated sensor as the structure became more fragile and weak.
B. Sensor Test
The etched FBG sensor was immersed in Nitrate concentration varying at 0-50 ppm as shown in Fig. 3 . Nitrate stock with 100 ppm concentration were prepared by dissolving 0.163 g of anhydrous Potassium Nitrate (KNO3) powder with 100 mL of pure water. The stock was diluted to produce a sample of Nitrate concentration varying at 0-50 ppm. During test, the sensor was cleaned with acetone and followed by proper drying at the end of each sample measurement. All the measurements were recorded at constant room temperature.
IV. RESULTS AND DISCUSSION
The shift of Bragg wavelength was monitored before and after etching process, both in air medium as depicted in Fig. 4 . As the time progressed, the Bragg wavelength at 1545.2 nm shifted to 1539.2 nm at the shorter wavelength region with 6 nanometer differences. The optical power value decreases as the reduction of cladding diameter causing an optical power loss around the etched region and leading to the evanescent field exposure. The shifted Bragg wavelength is showing that, the light exposed to the air medium which has low refractive index typically at n=1.00 causing the decreasing in neff.
During experiment, the reflected Bragg wavelength was monitored while the solution was in contact with the sensor. The spectral response at different Nitrate concentration is shown in Fig 5. The figure shows the peaks of Bragg grating wavelength, which corresponded to six varied concentrations of Nitrate. It is found that the Bragg wavelength shifted towards the longer region with the increasing of Nitrate concentration. This can be visualized in terms of an increasing of neff. The refractive index of the solution increases when the concentration of the solution increases. From Fig. 6 , the sensitivity of the sensor is found to be 2.400 x 10 -3 nm/ppm. The overall shift of the Bragg wavelength is 0.12 nm from 0 -50 ppm.
V. CONCLUSION
In summary, the etched FBG sensor was able to trace the concentration of Nitrate in water. Based on the results, Nitrate at different concentration exhibits different reflected Bragg wavelength. The wavelength shifting is directly proportional with the Nitrate concentration. The simplicity in fabrication, ease of use and sensitivity to lower concentration, enables FBG sensor to be used to for measuring the Nitrate concentration in water.
This work provides an alternative approach over the conventional and sophisticated method as previously mentioned. FBG sensor has potentials for applications in agricultural, food industry, industrial fluids and sewage systems. Further improvement in this work may increase the sensitivity of this sensor. 
